Aspartate transcarbamylase (ATCase) activity declines in etiolated cowpea (Vigna unguiculata L. Waip.) and soybean (Glycine max L. Merr.) hypocotyls between 3 and 11 days after planting. Treating cowpea hypocotyls with cydobeximide (CH), actinomycin D (AMD), 6-methyl purine (6-MP), or cordycepin increases ATCase activity up to 740, 350, 465, and 305%, respectively, over water-treated controls 48 to 72 hours after treatment. In contrast erythromycin had no effect, and D-threo-chloramphenicol (CHL) ATCase2 (25). In higher plants, ATCase involvement in pyrimidine regulation is not established, although it likely has a regulatory role because the enzyme from several plant species is UMPsensitive in vitro (1, 14, 23, 26, 33) . ATCase activity increases during times of enhanced nucleic acid synthesis, including seed germination (21), response to 2,4-D (14), and after virus infection (24).
carbamyl-P = carbamyl aspartate (ureidosuccinate) + Pi. In microorganisms, both control of enzyme synthesis and feedback inhibition are involved in regulating the pyrimidine pathway by ATCase2 (25) . In higher plants, ATCase involvement in pyrimidine regulation is not established, although it likely has a regulatory role because the enzyme from several plant species is UMPsensitive in vitro (1, 14, 23, 26, 33) . ATCase activity increases during times of enhanced nucleic acid synthesis, including seed germination (21) , response to 2,4-D (14) , and after virus infection (24) .
In higher plants, ATCase activity is elevated in young tissue and decreases as tissue matures (14, 24, 30) . Declining activity of some enzymes in eukaryotic organisms may be mediated through enzyme degradation or inactivation, processes frequently blocked by inhibitors of RNA or protein synthesis (4, 7, 29 consistent with such regulation (13) and prompted this work. Reported here are unusual stimulatory effects of certain inhibitors on extractable ATCase activity from etiolated cowpea hypocotyls. Elucidation of the effects may well explain the mode or modes of regulating levels of ATCase activity.
MATERIALS AND METHODS
Plant Material. Etiolated cowpea ( Vigna unguiculata L. Walp. cv. Early Ramshorn) and soybean (Glycine max L. Merr. cv. Wayne) were grown in darkness in trays of moist vermiculite at 29 to 30 C and 85 to 90% relative humidity as described (14) .
Inhibitors were applied to seedlings uprooted 7 to 8 days after planting, after roots were excised underwater at the hypocotylroot juncture. Hypocotyls were immersed in sets of five into the proper solutions, placed in a vacuum desiccator, and a vacuum was drawn for 3 min, and then slowly released. Control hypocotyls were immersed in H20 and treated comparably. The (4, 7, 9, 29) . To test that hypothesis we excised cowpea hypocotyls at the root-hypocotyl juncture 6 days after planting and treated them with either 96 ,ug/ml AMD, 100 l.g/ml CH, or 2.5 mg/ml CHL solutions (Table I , experiment 1).
ATCase activity in the tissues treated with AMD or CH exceeded that in the H20-treated controls 50 to 70% on a fresh weight basis, while it declined almost 30% in CHL-treated tissues.
To further study the (20, 27) , either had no effect or reduced the extractable ATCase activity.
The mechanism by which CH, AMD, 6-MP, and CD induce elevated ATCase activity after hypocotyl treatment involves more than maintaining enzyme activity at the level present when the inhibitor is applied. For example, the extractable ATCase activity at the time of treatment of more mature tissues (Table I, (Table III) . In contrast, endogenous respiration of CHL-treated tissues was reduced 60%. Endogenous respiratory increases in inhibitor-treated tissues might result from enhanced metabolite availability after RNA and/or protein synthesis was blocked. To test that possibility we added glucose to flasks to determine if AMD-or CH-treated tissues were less responsive, i.e. operating nearer to maximum, due to greater availability of endogenous substrate. Little difference in response was observed at 24 hr. At 48 hr, H20-treated tissue showed a 60% increase following glucose treatment, while AMD-and CH-treated tissues showed 42% and 33% increases, respectively. Absolute responses were greater for AMD-and CH-treated tissues, however. CHL-treated tissues responded less to glucose.
Effect of Inhibitors on ATCase from Soybean Hypocotyls. Because the ATCase responses induced in cowpea by the aforementioned inhibitors were not typical of those shown by most enzymes in most tissues, we measured changes in ATCase activity in etiolated soybean hypocotyls after treatment with several of the inhibitors. Differences between soybean and cowpea were considerable (Table IV) . In contrast to the stimulated ATCase activity in cowpea hypocotyls treated with AMD, 6-MP, and CH (Table I) , ATCase activities decreased in soybean hypocotyls after treatment with the same inhibitors. CHL had no obvious effect on ATCase activity of soybean hypocotyls.
DISCUSSION
Our data are consistent with several hypotheses advanced to explain anomalous effects of inhibitors of RNA or protein synthesis on activities of other enzymes. A system in which both ATCase synthesis and proteolytic degradation of ATCase interact to regulate enzyme levels in etiolated cowpea hypocotyls is one possibility. Creasy et al. (4) have suggested protease activity may regulate phenylalanine ammonia-lyase, another initial enzyme in a biosynthetic pathway. CH inhibition of a cytoplasmically synthesized protease, coupled with continued ATCase synthesis, possibly in organelles (etioplasts or mitochondria), could explain our results. Synthesis is essential in this hypothesis, because final ATCase levels greatly exceeded those when the inhibitor was applied. The inhibition would have to occur during greatly reduced RNA synthesis (possibly on a stable or long lived mRNA). If ATCase synthesis is occurring within an organelle, either CHL or ERTH could inhibit synthesis, and thus reduce ATCase activity (20, 27) . Only CHL did. The ineffectiveness of ERTH may indicate poor uptake, although concentrations having no effect on ATCase activity reduced cowpea mosaic virus multiplication in infected cowpea hypocotyls (Johnson, Niblett, and Lee, unpublished) . We have no evidence to indicate an intraorganelle location for ATCase. In etiolated lettuce tissue ATCase occurs in an organelle, possibly mitochondria (15, 23) . In contrast, soybean root ATCase is extracted in the soluble supernatant (30) . Attridge and Smith (2) suggest that an inactive form of phenylalanine ammonia-lyase in dark-grown gherkin seedlings may be activated by protein synthesis inhibitors. According to their model, CH, AMD, 6-MP, and CD would block the cytoplasmic synthesis of an ATCase inactivator and thus free pre-existing enzyme from a pool of inactive enzyme. The CHL reduction in ATCase might then reflect only decelerated respiration (Table  III ) and tissue metabolism.
Other possible mechanisms of enzyme stimulation after treatment with inhibitors of protein and RNA synthesis also have been suggested and may apply here. They include (a) enzyme stabilization by a metabolite building up after inhibition of RNA or protein synthesis (4) and (b) inhibitor-induced changes in a small protein factor that modifies enzyme activity (22) . We are continuing to investigate those and other possibilities.
The observation that three different inhibitors of RNA synthesis each stimulate an ATCase increase in etiolated cowpea hypocotyls supports the idea that blocking RNA synthesis is involved. The inhibitors have different modes of action. AMD complexes with DNA and inhibits DNA-dependent RNA synthesis in maize (31) . Inhibition by 6-MP apparently results through its incorporation into the growing RNA chain, followed by chain termination (J. E. Varner, personal communication). CD inhibits 32P incorporation into polydisperse RNA of Avena coleoptiles (3), and at higher concentrations totally inhibits RNA synthesis in germinating radish seedlings (5) . To our knowledge, its primary mode of action is still uncertain.
A concern in any inhibitor study is the apparent lack of specificity and the problems in distinguishing primary and secondary effects. For example, the relationship of the respiratory increase by CH and AMD to their ATCase stimulation is not clear. CH induces several changes in other plant tissues, including respiratory stimulation (6, 19) , inhibition of inorganic ion uptake (6) , and the inhibition of uridine-cytidine interconversion (28) . In addition, protein synthesis of isolated plastids may be slightly CH-sensitive (27) .
We found no other reports of AMD stimulation of respiration in plants, although it inhibits leucocytes respiration (17) . It may also affect protein synthesis independent of its action on RNA synthesis (11) . Respiration in sugar cane tissue is reduced by (8) . CD apparently does not affect respiration in Avena coleoptiles (3) or directly affect protein synthesis in germinating radish (5) .
CHL and ERTH are reported to inhibit 70 S ribosomal protein synthesis (20, 27) , but nonspecificity is indicated in the report that CHL inhibits oxidative phosphorylation in isolated mitochondria of etiolated maize shoots (10) . We observed reduced respiration in CHL-treated cowpea tissue. Its relationship to reduced mitochondrial numbers and/or capabilities in cowpea is unknown.
All of our inhibitors are likely disrupting various sites of cellular metabolism. The problem is to locate the primary site and determine its relationship to the ATCase increase. Significantly, however, ATCase activity increases after tissue is treated with CH or AMD, while total protein synthesis declines sharply.
Large doses of metabolic inhibitors may intensify side effects. Our doses were higher than preferred, although most were similar to those used by other plant researchers. However, our method of inhibitor application, a single vacuum infiltration, differs from the usual method of floating tissues throughout the experiment in an inhibitor solution. Our attempts to use lower concentrations were largely ineffective. Floating cowpea hypocotyls in solutions results in too rapid a breakdown of the tissues. We know of only one other report of increased enzyme activity after treatment with both RNA and protein synthesis inhibitors. Polyphenol oxidase (monophenolase) activity was stimulated by treating wheat endosperm with either CH or AMD (32) . One or the other of these two types of inhibitors are sometimes reported to stimulate activity of an enzyme, but generally both RNA and protein synthesis inhibitors were not studied with the same tissue. Preliminary results with another of the pyrimidine pathway enzymes, dihydroorotase, suggest it also follows the same inhibitor stimulation pattern in cowpea hypocotyls as does ATCase (Johnson, unpublished) . Also, two other pathway enzymes, orotidine-5'-P pyrophosphorylase and orotidine-5'-P decarboxylase, increase during germination in pea in the presence of CH (29) . Thus several enzymes involved in the pyrimidine pathway may be regulated in some tissues by a mechanism that responds abnormally to inhibitor treatment. The mechanism may vary with plant species. As Glasziou (9) suggested, adequate explanation of some of the anomalous results from using inhibitors of enzyme synthesis may contribute more valuable information on control systems than results that show predicted responses.
